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HIIHFWRIYDU\LQJLQSXWSDUDPHWHUVRQWKHRXWSXWSDUDPHWHURIWKHXOWUDFDSDFLWRU)RUH[DPSOHTXDQWLW\RIHOHFWURGH





$W SUHVHQW XOWUDFDSDFLWRU WHFKQRORJ\ LV XQGHU GHYHORSPHQW VWDJH (QHUJ\ GHQVLW\ SRZHU GHQVLW\ DQG VSHFLILF




QRW DWWHQGHG DV FRPSDQLHV PDQXIDFWXULQJ WKLV GHYLFH DURXQG WKH JOREH DUH YHU\ OHVV >@ &RQVWUXFWLRQDO LVVXHV
PRGHOLQJ DQG LWV SRZHU HOHFWURQLF EDVHG LQWHUIDFH DUH DW UHVHDUFK VWDJH 6RPH RI WKHVH DUHDV RI WKLV GHYLFH KDYH












(OHFWURFKHPLVWU\ *URXSV ZRUNHG WR LQFUHDVH SRZHU GHQVLW\ HQHUJ\ GHQVLW\ VSHFLILF FDSDFLWDQFH YROXPHWULF
FDSDFLWDQFH YROWDJH HWF XVH RI 1DQRPDWHULDOV DQG FRPSRVLWH PDWHULDOV >@>@ (OHFWULFDO *URXSV ZRUNHG IRU












WKH HOHFWURGH PDWHULDO RQ FXUUHQW FROOHFWRU LV D SURFHVV ZKLFK UHTXLUH D ORW RI SUHFLVLRQ >@ 7KHUH DUH PDQ\
VWUXFWXUHVRIXOWUDFDSDFLWRUEHLQJXVHGOLNHUROOHGVWDFNHGW\SHDQGIOH[LEOHW\SH5ROOHGW\SHFDSDFLWRUVDUHIHDVLEOH
IRU KLJK YDOXHV RI FDSDFLWDQFH 7KLV FRQYHQWLRQDO XOWUDFDSDFLWRUV DUH KHDY\ EXON\ DQG LW LV VWLOO D FKDOOHQJH WR
DFKLHYH KLJK HIILFLHQF\ PLQLDWXUL]HG HQHUJ\VWRUDJH GHYLFHV WKDW DUH FRPSDWLEOH ZLWK WKH IOH[LEOHZHDUDEOH
HOHFWURQLFV>@
6WDFNHG W\SH VWUXFWXUH LV XVHG DV LW LV WKHPRVW VXLWDEOH VWUXFWXUH IRU ORZYDOXHVRI XOWUDFDSDFLWRUV*HQHUDOO\
ELQGHUV VXFK DV 37)( 3RO\ 7HWUD )ORUR (WK\OHQH RU 1DILRQ DUH XVHG WR KROG WKH HOHFWURGHPDWHULDO RQ FXUUHQW
FROOHFWRU,QVWDFNHGW\SHRIXOWUDFDSDFLWRUVWUXFWXUHLWLVIRXQGWKDWOLIHRIWKHXOWUDFDSDFLWRUGHYLFHJHWVDIIHFWHGGXH
WR SRRU TXDOLW\ RI HOHFWURGH PDWHULDO ELQGLQJ RQ FXUUHQW FROOHFWRU 7KHUHIRUH VDQGZLFKHG W\SH RI XOWUDFDSDFLWRU
VWUXFWXUH LV XVHG LQ ZKLFK FXUUHQW FROOHFWRU DQG HOHFWURGH PDWHULDO LV VDQGZLFKHG EHWZHHQ DOWHUQDWH OD\HUV RI
VHSDUDWRUSLHFHV7KHGHWDLOHGVWUXFWXUHLVVKRZQLQ)LJ7KHDGYDQWDJHVRIWKLVW\SHRIVWUXFWXUHDUHVXLWDEOH
IRUUHFWDQJXODUVWUXFWXUHDQGLWVSDFNLQJHIILFLHQF\LVKLJKORZFRVWORZLQWHUQDOUHVLVWDQFHHDV\WRSUHSDUH
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%XWLWLVVXIIHUVRQHPDMRUGUDZEDFNWKDWWKHFDYLW\HIIHFWUHGXFHVWKHOLIHDVZHOODVWKHSHUIRUPDQFHRIWKHGHYLFH
7KLV FDYLW\ HIIHFW OHDGV WR IRUPDWLRQ RI DLU JDSV EHWZHHQ HOHFWURGH PDWHULDO DQG VHSDUDWRU SLHFHV ZKLFK LV
XQGHVLUDEOH,QRUGHUWRDFFRXQWIRUWKHVHDLUSRFNHWVDODUJHDPRXQWRISUHVVXUHLVDSSOLHGDWWKHWLPHRIFRPELQLQJ
DQGSDVWLQJWKHORDGHGHOHFWURGHDQGWKHVHSDUDWRUSLHFHV
3RO\HWK\HQH VHSDUDWRU LV XVHG DV VHSDUDWRU ZLWK  SRURVLW\ 9DQDGLXP SHQWDR[LGH DQG DFWLYDWHG FDUERQ
9XOFDQ;&<3LVXVHGLQWKHZHLJKWUDWLRRIDVDQHOHFWURGHPDWHULDO6WDLQOHVVVWHHO66ZLUHPHVK
KDYLQJKROHVLQFKRIDUHD VT FPFP;FP LV XVHGDVDFXUUHQWFROOHFWRU3RWDVVLXP VXOSKDWHRI












6RPH VWDWLVWLFDO PHWKRGV OLNH  UHVSRQVH VXUIDFH PHWKRGRORJ\ IUDFWLRQDO IDFWRULDO IXOO IDFWRULDO FHQWUDO
FRPSRVLWHGHVLJQHWF FDQEH LPSOHPHQWDWLRQRQXOWUDFDSDFLWRU >@8OWUDFDSDFLWRUPRGHOLQJ LQYROYHV WKH VWXG\RI
³UROH RI HOHFWURGH PDWHULDOV DQG HOHFWURO\WHV´ LQ FKDUJH VWRUDJH PHFKDQLVP >@ >@ +RZHYHU WR VWXG\ WKH
FRPSOHWHEHKDYLRURIWKHV\VWHPZLWKPLQLPXPQXPEHURIWULDOVRQHKDVWRXVHWKHVWDWLVWLFDOPHWKRGOLNHGHVLJQRI
H[SHULPHQWPHWKRGRORJ\'HVLJQRIH[SHULPHQWVLQFOXGHVDVHULHVRIWHVWVLQZKLFKFKDQJHVDUHPDGHWRWKHLQSXW
YDULDEOHV RI D V\VWHP DQG WKH HIIHFWV RQ UHVSRQVH YDULDEOHV DUH PHDVXUHG ([SHULPHQWDO GHVLJQ PHWKRG KHOSV LQ
UHGXFLQJ WKH DPRXQW RI GDWD FROOHFWHG DQG JLYHVPD[LPXP LQIRUPDWLRQ7KH GHVLJQ RI H[SHULPHQWV VSHFLILHV WKH
SDUWLFXODU VHWWLQJ OHYHOV RI WKH FRPELQDWLRQV RI IDFWRUV DW ZKLFK WKH LQGLYLGXDO UXQV LQ WKH H[SHULPHQW DUH WR EH
FRQGXFWHG>@






2QO\ WKUHH SDUDPHWHUV ZHUH FKRVHQ WR UHGXFH WKH QXPEHU RI WULDOV RI GHVLJQ RI H[SHULPHQW PHWKRGRORJ\
2SWLPL]DWLRQRIHOHFWURGHSDUDPHWHUVLVGRQHWKURXJKGHVLJQRIH[SHULPHQWPRGHOOLQJ2SWLPL]DWLRQRIHOHFWURO\WH
































WDNHQ IRU XOWUDVRQLF PL[LQJ LV WKH VHFRQG SDUDPHWHU DQG WKH WLPLQJV ZHUH  PLQXWHV DQG  KRXUV 7KH WKLUG
SDUDPHWHUXVHGLVWKHDPRXQWRIHOHFWURGHPDWHULDORQFROOHFWRUFXUUHQW7KHHOHFWURGHPDWHULDOORDGLQJVHOHFWHGDUH
PJFPDQGPJFP
%\ XVLQJ WKHVH WKUHH SDUDPHWHUV HLJKW FRPELQDWLRQVZHUHPDGH0,1,7$% VRIWZDUH LV XVHG WR JHW VWDWLVWLFDO








































PL[LQJ DQG LW DOVR GHSHQGV RQ WKH TXDQWLW\ RI ORDGLQJ RI HOHFWURGH PDWHULDO RQ FXUUHQW FROOHFWRU )RU HOHFWURGH
PDWHULDOORDGLQJRQFXUUHQWFROOHFWRURIJPFPFDSDFLWDQFHLVPD[LPXP
)LJLVVKRZLQJLQWHUDFWLRQSORWIRUFDSDFLWDQFHIRUGLIIHUHQWSDUDPHWHUV,WVKRZVWKDWW\SHRIDFWLYDWHGFDUERQ
GRHVQRWKDYHDQ\GHSHQGHQF\RQXOWUDVRQLFPL[LQJ WLPHZKLFK UHIOHFWV WKHTXDOLW\RI HOHFWURGHPDWHULDOPL[LQJ
7\SH RI DFWLYDWHG FDUERQ XVHG DQG ORDGLQJ TXDQWLW\ KDV D OLWWOH GHSHQGHQF\8OWUDVRQLFPL[LQJ WLPH DQG ORDGLQJ
TXDQWLW\GHSHQGVRQHDFKRWKHU
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)LJDQG)LJ LVGHQRWLQJ VXUIDFHDQGFRQWRXUSORWRIFDSDFLWDQFH IURPZKLFK LW LVVHHQ WKDWZKHQ W\SHRI
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)LJDQG)LJVKRZWKDWZKHQWKHDPRXQWLVHOHFWURGHPDWHULDOXVHGLVPJFPLVNHSWFRQVWDQWWKHQWKH













LV XVHG ZLWK ORDGLQJ RI  PJFP DQG XOWUDVRQLF PL[LQJ WLPH RI  KUV $QG WKH ORZHVW YDOXH RI FDSDFLWDQFH
REWDLQHGLV)ZKHQ<3DFWLYDWHGFDUERQLVXVHGZLWKPJFPDQGXOWUDVRQLFPL[LQJRIPLQ
)LJ VKRZV WKDW IUHTXHQF\ RI WKH FDSDFLWDQFH YDOXHREWDLQHG LV KLJKHUEHWZHHQ) DQG)%XW LQRQO\RQH
FDVH WKH FDSDFLWDQFH YDOXH LV EH\RQG )ZKLFK LQGLFDWHV WKDW ZLWK DSSURSULDWH LQSXW SDUDPHWHU LH $ % DQG &
5HIHU7DEOHLWLVSRVVLEOHWRREWDLQHGKLJKYDOXHRIFDSDFLWDQFH
&RQFOXVLRQV
,WZDVREVHUYHG WKDW KLJKHU ORDGLQJRI WKH HOHFWURGHPDWHULDO RQ FXUUHQW FROOHFWRU LV GHVLUHG DV LW JLYHVKLJKHU
FDSDFLWDQFHRYHUWKHZLGHUUDQJHRIYDULDWLRQLQXOWUDVRQLFPL[LQJWLPHDQGW\SHRIDFWLYDWHGFDUERQ9XOFDQ;&
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ZLWKKLJKHUHOHFWURGHPDWHULDOORDGLQJJLYHVKLJKHUFDSDFLWDQFH8OWUDVRQLFPL[LQJWLPHLVQRWPXFKHIIHFWLYHIRUWKH
YDULRXV HOHFWURGH PDWHULDO ORDGLQJ DQG YDU\LQJ W\SHV RI DFWLYDWHG FDUERQ +LJKHU PDWHULDO ORDGLQJ FDXVH KLJKO\
XQHYHQ VXUIDFH RI HOHFWURGH ZKLFK UHVXOWV LQ PRUH JDSV IRUPHG IRU FKDUJH DFFXPXODWLRQ UHVXOWLQJ KLJKHU
FDSDFLWDQFH 6R FDUH PXVW EH WDNHQ ZKLOH ORDGLQJ WKH HOHFWURGH PDWHULDO RQ WKH FXUUHQW FROOHFWRU 0D[LPXP
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K\EULG6WUXFWXUHVIRU:HDUDEOH)OH[LEOH(QHUJ\6WRUDJH
>@-DFTXHOLQH.7HOIRUG-RKQVKRSNLQVDSO$%ULHI,QWURGXFWLRQWR'HVLJQRI([SHULPHQWV,Q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